Qualitative and quantitative aspects of the excretion of protein after burn injury have been investigated. The excretion of total protein and of albumin have been measured nephelometrically while the excretion of proteins of both serum and non-serum origin have been measured by immunoelectrophoresis using antiserum against serum proteins or against a pool of urine from burned patients. Comparison of the patterns of proteins observed in urine using these two different antisera showed the presence of at least three major proteins that did not originate from the plasma. The excretion of two of these three proteins followed closely the pattern of total protein excretion which reached a maximum at five to seven days after injury. The excretion of albumin was greatest in the first 48 hours after injury. Examination of the original burn patients' urine antigen by sodium dodecyl sulphate polyacrylamide gel electrophoresis showed that this urine pool contained greater amounts of lower molecular weight proteins than were observed in a pool of normal urines. The observations suggest that a biphasic renal pathophysiology is observed after burn injury. Initially, there develops a mild transient glomerular lesion which progresses to a different state which shows at least some of the features of a tubular proteinuria.
Proteinuria may occur in response to renal stress or Using turbidimetric methods, Anderson and injury. The pattern of protein excretion often Semenoff" analysed urine collections made on 45 provides some insights into the pathological patients who had suffered burn injury. Of these mechanisms involved'! A lesion at the glomerular patients, 14 passed urine that was 'free' of protein, 15 level usually results in increased excretion of larger patients showed a trace of protein in their urine, molecular weight proteins although a considerable while 16 patients showed significant quantities of degree of selectivity may occur. Interference with protein in their urine. The more severe cases tended tubular function often results in increased excretion to show a definite proteinuria for the first few days of lower molecular weight protein.f In normal after injury, although three patients with moderate circumstances these lower molecular weight proteins to severe burns apparently had protein-free urine. «60000 daltons), which may pass relatively easily Jackson et al. analysed proteins present in the urine through the glomerular filtration barrier, are of children with severe burns using chromatographic reabsorbed and degraded in the cells of the tubular techniques," It was observed that all the chromatoepithelium. Although most of the protein excreted graphic fractions were increased but that the increase in the urine is believed to be derived from the was greatest in the ex-globulin and acid mucoprotein glomerular filtrate and would, therefore, have zones. originated in the serum, some kidney-derived In a previous study," we studied the excretion of proteins have been described, of which the best proteins of plasma origin in the urine using analysis known are the Tamm-Horsfall glycoprotein," and of proteins by two-dimensional immunoelectrosecretory IgA. The excretion of the Tamm-Horsfall phoresis (2-DIE). The data showed that the excretion glycoprotein (THG) may reach levels of 40 or 50 mg of plasma protein is apparently greatest during the per 24 hours. Several enzymes of kidney origin, in first two to three days after injury but that the particular y-glutamyl transferase, are also observed excretion of total protein is greatest at approximately in the urine in varying quantities." five days after injury. It would therefore appear from The excretion of protein in the urine after burn or these observations that a significant proportion of the other injury has not been extensively investigated. protein excretion after injury is composed of proteins 353 which do not react with polyvalent antiserum to human serum protein and which, presumably, do not originate in the blood. In order to extend the study further, we have raised an antiserum against urine from burned patients and have used this antiserum to study the excretion of certain antigens of 'non-plasma' origin in the urine of individual patients after burn injury. protein coupled to cyanogen bromide-activated CFII cellulose (Whatman Biochemicals). After mixing overnight on a roller, the slurry was poured into a column, and the unabsorbed protein was eluted with phosphate-buffered saline. After concentration to 30-40 mg protein per ml the antiserum failed to react with serum proteins when tested in the Ouchterlony system.
Material and methods

PREPARATION OF
GENERAL AND SPECIFIC PROTEIN
DETERMINATION
Protein concentration in the burns urine antigen was determined by the Folin method" using Versatol Q C (Warner Ltd) serum to construct a standard curve. Protein was precipitated with 5 % TCA before determination in this system. Total protein in individual urine samples was measured nephelometrically using TCA as a precipitant, essentially as described in the Hyland Laser Nephelometer instrument application manual. A pool of serum from 200 normal donors was used as a standard for this determination. Albumin was determined immunochemically using a nephelometric method adapted from that described in the Seward Laboratories' methods for the laser nephelometer. Albumin antiserum (Seward nephelometric grade) was diluted x 100 in phosphate-buffered saline. Five microlitres of urine (neat and x 10 dilution) was mixed with 1'0 ml of the diluted antiserum in the assay. A reference serum of known albumin concentration (Seward) was used as a standard. Coefficients of variation were estimated for urine samples with less than or more than 100 mg per litre of albumin. Between-batch CVs for the low and high protein urines were, respectively, 11·6 and 7·7% with within-batch CVs of 8·7 and 5'4%. The albumin determination was compared with a radial immunodiffusion method using Partigen plates (Hoechst Pharmaceuticals). A correlation coefficient of 0·97 was observed between the two methods, and a paired t test showed no differences between values measured by the two methods.
ASSAY OF y-GLUTAMYL TRANSFERASE (Y-GT)
The activity of y-GT in urine was measured, after prior dialysis of the urine against running tap water, using the automated analysis kit from Boehringer-Mannheim Corp (kit no. 124702). The activity of y-GT in the urine was expressed as IV per 24-hour sample.
SODIUM DODECYL SULPHATE
POLY ACR YLAMIDE GEL ELECTROPHORESIS (SDS-PAGE)
This was carried out essentially as described by Laernmli" using a gel concentration of 7·5 %. 
STATISTICAL ANALYSIS
Students' t test and, as a non-parametric alternative, the Mann-Whitney 'U' test were used to evaluate the probability of significant differences between groups of measurements.
PATIENTS
For the studies of protein excretion in individual urine samples. 14 patients admitted to the Wessex Regional Burns Unit were studied over a period of 11 days after injury. Patients were classified as severely or moderately burned on the basis of the percentage of their body surface area that had been burned. Severely burned patients were assigned to group I and moderately burned patients to group II. The details of these groups are listed in Table 1 Determination of total protein and of albumin was carried out as described in the Material and methods section. The ratio is expressed as the percentage contributions of albumin to the total protein measurement. Figure 4 shows the appearance of b l and b 2 in the urine of a severely burned patient. These proteins reach highest levels on approximately day 5 after injury ( Fig. 4b ) and decline thereafter. This qualitative assessment was extended by measurement of the three major antigens in the urine that were not present in serum. These antigens were designated as bb b 2 , and b a . It should be remembered that the criterion for designation as 'non-serum' protein is failure to remove antibodies to these proteins in the presence of excess serum protein. This procedure does not prove that these proteins originated from the kidney but strongly implies that this was their origin or that they originated in other tissues and were able to cross the glomerular filtration barrier. These considerations apply only to b l and b 2 , since b a is almost certainly the Tamm-Horsfall glycoprotein (THG). A preparation of THG from normal urine gave an appearance identical with that of b a when run against U l antibody in 2-DIE. There does appear to be a qualitative difference in the appearance of b a in the pooled urine samples from normal and burned patients, the normal showing a strong 0(1 component; but this may reflect the different quantitative contribution of b a to total protein in each case. Occasionally a fourth component was seen in urine from the burned patients. This is seen in Fig. 3b as the faint~2-Y rocket. This protein may be secretory IgA but was not definitely identified and, since it did not appear in all samples, was not included in the quantitative studies. b l was seen in all urine samples, b 2 in all samples from burned patients, but only occasionally in normal samples. Figures 1 and 2 show the excretion of albumin and of total protein in the two groups of patients. Both these groups show the same general pattern ofchange in these two parameters. Albumin excretion in both groups is high initially, being markedly increased above the mean normal excretion. Total protein excretion in both groups reached a maximum at days 4 to 7 after injury although the absolute value of the peak level was less in the moderately burned than in the severely burned group. These results confirm the qualitative description given in our previous study 7 that maximum protein excretion occurs at a time when 'serum' protein excretion is declining. Table 2 demonstrates that the period of maximum protein excretion is associated with a low albumin : total protein ratio, strongly suggesting that this proteinuria is not the result of a glomerular lesion and is associated with increased excretion of nonserum protein. Figure 3 shows that use of the U l antibody indicated excretion of b i and b 2 using projection planimetry as described in the Material and methods section. Since b a does not form a rocket on 2-DIE, the excretion of this component cannot be measured 10 this fashion. However, subjective assessment of the intensity of the b a band suggested that its excretion did not change markedly after burn injury. Table 3 shows that the excretion of these two antigens (b i and b 2 ) was greatest at days 4 to 7 after injury in both severely and moderately burned patients. These data strongly suggest that ht and b 2 are excreted from the kidney as a result of some sort of stress or damage that is occurring at this time. Accordingly, the excretion of the enzyme y-GT was studied as an indicator of kidney stress or damage.l" The excretion of this enzyme closely followed the excretion of b i and b 2 in the severely burned patients (Table 4 ). In the moderately burned patients, the pattern of y-GT excretion was somewhat different, and no marked day 4 to 7 peak was observed.
Results
EXCRETION PATTERN OF NON-SERUM PROTEINS
PROTEINS OF NON-SERUM ORIGIN IN THE URINE
SOS-PAGE EXAMINATION OF THE BURN URINE ANTIGEN
Any immunochemical method for visualising protein suffers from the inherent defect that only antigenic components can be seen, and it is possible that considerable numbers of molecules that had not produced strongly reacting antibodies would be missed. Accordingly, it was decided to examine the original antigen by the less specific method of SDS-PAGE. This showed (Fig. 5) that the urine pool from burned patients contained albumin as a minor component only and also contained elevated quantities of low molecular weight protein (40 k daltons or less). This suggests that the proteinuria observed after burn injury is, in part, composed of 
Enzyme activity was determined as described in the Material and methods section. Values are in IU/24 h and expressed as mean (SEM). P is the probability of a significant difference between the two groups, NS~not sjgnificant, Mean excretion ofy-GT was 32±8 (SD) IU/24 h in healthy controls. low molecular weight proteins, which would suggest that the proteinuria contains at least some elements of a tubular proteinuria.P However, this antigen covered only the first three days after injury so that more extensive studies on individual patients will be necessary to decide if this excretion of low molecular weight proteins is a general phenomenon. The data presented in this study clearly demonstrate the occurrence of a complex renal pathophysiology after burn injury. Our present observations, together with those made in a previous study," suggest that the proteinuria observed after burn injury does not have a single cause but is probably the end result of multiple pathological processes. Two phases are identifiable in these processes. The initial proteinuria that occurs immediately after injury is probably a mild, and transient, glomerular lesion. This is suggested by the observation of the high proportion of plasma albumin in the excreted protein. Overlying this, however, is the apparently selective excretion of certain plasma proteins, particularly ocl-antichymotrypsin and ocl-add-glycoprotein, suggesting that a non-specific lesion at the glomerular level is not entirely responsible for the proteinuria. Our previous study indicated, on a qualitative basis, that the maximum excretion of total protein (at days 4 to 7) occurs at a time when the excretion of 'serum' proteins had declined to low levels.
The present study confirms that this is so by identifying a quantitative divergence between the excretion of albumin and of total protein. The second stage of the proteinuria, characterized by high total protein excretion but low albumin excretion is more difficult to describe. Two major antigens of nonplasma origin are observed to be excreted in parallel to the excretion of total protein. The kidney itself is likely to be the source of these antigens since their excretion parallels the excretion of the kidney enzyme y-GT. Preliminary observations also suggest that the excretion of low molecular weight proteins is increased after burn injury, which suggests that this second-stage proteinuria shows some features of a tubular proteinuria. However, further studies are necessary to describe this phenomenon in detail as a tubular proteinuria is evidently a complex situation ranging from an overflow state, in which the Tm for filtered protein is exceeded.!' to renal homograft rejection, where renal damage and ischaemia present a complicated pathophysiology.P Although the loss of protein in the urine is high by comparison with the normal state, these losses probably do not contribute significantly to the total body protein loss and catabolism that is observed after bum injury. The elevated loss implies considerable disturbance of kidney function and integrity, but the return towards normal levels of protein excretion at the end of the study period implies that the lesions are reversible. The significance of the renal lesion in terms of lasting effects on renal function are unknown. Longer term studies on the excretion of solutes show that there is no noticeable impairment of renal function in terms of the ability to concentrate urine or GFR as estimated by creatinine clearance.
The only time that patients show any change in renal function is during the first 12-48 hours after injury when they may show reduced creatinine clearance rates. During this period patients may show oliguria but preserve concentrating function and sodium-retaining ability (Shakespeare and Stokes, unpublished) . It is doubtful whether the proteinuria has any significance as a prognostic indicator for the development of renal failure. This is now a rare complication of burn injury, following the universal implementation of fluid resuscitation regimes. A recent study of our patient population between 1969 and 1979 showed only four cases of renal failure in over 1000 patients.P Similar results have been noted from other burn centres.
The underlying causes of these renal lesions is as yet unclear. The immediate effect of bum injury is to create a functional hypovolaemia due to the increase in peripheral resistance that occurs, probably by CNS-mediated increase in vascular tone and stasis at the site of injury. This progresses, as plasma leaks from damaged vessels and those subsequently influenced by the release of vasoactive agents at the site of injury, to a hypovolaemia with haemoconcentration. Thus adequate fluid resuscitation to expand the circulating plasma volume is of paramount importance to the maintenance of organ perfusion and renal function. Many resuscitation regimes use the attainment of an 'adequate' urine output (>50 ml/h on an hourly basis) as a parameter of adequate plasma volume expansion. The fluid regime used at the Wessex Regional Burns Vnit is conservative and limits plasma volume expanders (freeze-dried plasma or plasma protein fraction) to 7· 5 % body weight over a 36-hour resuscitation period with encouragement of free consumption of oral fluids. In these circumstances there is little impairment of renal function, except as previously indicated during and after resuscitation. Thus there is no evidence that the period of maximum protein excretion is associated with lowered creatinine clearance rates, though we have not measured renal plasma flow at this or any other time. Interestingly, Aulick et a/. 14 report that renal plasma flow, measured by p-amino hippurate clearance, in burned, resuscitated patients is not substantially altered. The overall pattern of protein excretion is therefore difficult to explain on the basis ofischaemic damage to the kidney as a result of altered blood flow caused by changes in cardiac output. The transient glomerular proteinuria may be due to changes in filtration pressure as a result of vasoactive agents, such as renin, within the kidney promoting the passage of increased quantities of serum proteins across the glomerulus. It is more difficult to postulate explanations for the 'tubular' proteinuria occurring at days 4 to 7. It should, however, be noted that this is the time when the 'acute-phase response' to the injury is at a maximum.IS It is therefore possible that this proteinuria stems from the effects of pharmacological, toxic, or hormonal mediators of the cellular activities involved in the inflammatory response. Further studies to describe in detail this second stage of the proteinuria will obviously help to explain more fully this complex and interesting pathophysiology.
